-I n t r o d u c t i o n .
The recent development o f new tunable l a s e r s i n the i n f r a r e d r e g i o n o f the spectrum which l a s e on the helium resonance l i n e s near 1083 nm, has g r e a t l y expanded t h e range o f appl i c a t i o n s o f which r e q u i r e s spin-pol a r i z e d ensembles o f 3He and 4He. The e x t r a o r d i n a r y range o f a p p l i c a t i o n s which are c u r r e n t l y being i n v e s t i g a t e d i s summarized i n Table I. .
Magnetometers

[ l ]
Magnetic Polarized 3He t a r g e t s
[4] Nuclear s c a t t e r i n g : measurement o f neutron form factors, neutron s p i n f i l t e r . Polarized e l e c t r o n beams [5] High energy accelerators, nuclear s c a t t e r i n g .
Spectroscopy o f He(23S, ) [ 6 ]
Precision Lamb s h i f t measurements.
Laser cooling/trapping. As might be expected, t h e wide range o f a p p l i c a t i o n s r e q u i r e s t h a t t h e o p t i c a l pumping l a s e r s have v a r i e d c h a r a c t e r i s t i c s . It was thus necessary t o develop several 1 asers using d i f f e r e n t pump mechanisms, d i f f e r e n t host materials, and d i f f e r e n t c a v i t y configuratlons. Table I 1 summarizes a number o f Nd-doped m a t e r i a l s which have been successfully developed f o r the he1 ium o p t i c a l pumping process. The Nd : LMA (La At,, O, , ) m a t e r i a l o f f e r s the widest v a r i e t y o f useful p r o p e r t i e s and i s p r e s e n t l y t h e l a s e r o f choice. The absorption o f a p p r o p r i a t e l y p o l a r i z e d resonance r a d i a t i o n by He metastable atoms contained i n a discharge c e l l r e s u l t s i n an o r i e n t a t i o n o f t h e metastable s p i n system, an e l e c t r o n i c o r nuclear o r i e n t a t i o n depending t h e choice o f 4He o r 3He atoms. P r i o r t o t h e development o f t h e l a s e r s o f Table 11 , p o l a r i z a t i o n s produced by conventional discharge sources r a r e l y exceeded 10-20 %. This l i m i t e d the number o f proposed appl i c a t i o n s , e s p e c i a l l y i n nuclear physics.
I t was c l e a r t h a t a l a s e r which could be tuned t o a s i n g l e absorption component would produce much g r e a t e r p o l a r i z a t i o n s . Indeed, t h i s was demonstrated by M.Leduc and co-workers i n 1982 w i t h t h e i r development o f a tunable c o l o r center l a s e r . I t s appl i c a t i on t o =He o p t i c a l pumping y i e l d e d nuclear p o l a r i z a t i o n s o f over 60 %.
These r e s u l t s provided much impetus f o r t h e development o f other tunable lasers, and by 1987 most o f t h e l a s e r s i n As t h e present time, t h e Nd-doped La At,, O, , l a s e r o f f e r s t h e g r e a t e s t v a r i e t y of c h a r a c t e r i s t i c s o f i n t e r e s t f o r Helium o p t i c a l pumping and the many a p p l i c a t i o n s o f Table I . I n i t s most u s e f u l c o n f i g u r a t i o n an LNA c r y s t a l (L = 1 cm) i s end-pumped by a 5 watt argon i o n l a s e r a t 514.5 nm. A Lyot f i l t e r f o r course tuning and a t h i n , coated e t a l o n f o r f i n e t u n i n g and narrow-banding are placed i n s i d e t h e c a v i t y .
About 10 % o f t h e pump power appears as tunable emission a t t h e helium t r a n s i t i o n s 
-A p p l i c a t i o n s i n Nuclear Physics
The wide range o f a p p l i c a t i o n s shown i n Table I cannot be adequately addressed here ; thus, we l i m i t our discussion t o some recent developments o f i n t e r e s t i n Nuclear Physics. Two major innovations have been t h e development o f dense, p o l a r i z e d =He t a r g e t s and h i g h l y p o l a r i z e d e-beams.
The i n t e r e s t i n a p o l a r i z e d 3He t a r g e t a r i s e s because t h e p o l a r i z a t i o n resides almost e n t i r e l y i n t h e o r i e n t a t i o n o f t h e neutron. Thus, spin-dependent s c a t t e r i n g i n t h e quasi -e l a s t i c region w i l l be dominated by the neutron. Among t h e proposed experiments are those t o determine t h e form factors o f the neutron.
Optical pumping o f 3He i s g e n e r a l l y optimal a t c e l l pressures o f 1 Torr. However, t h e nuclear r e l a x a t i o n time i s e x t r a o r d i n a r i l y long, several days under i d e a l conditions ; thus, several techniques f o r t a r g e t compression have been explored successfully. Cryogenic compression perfected by M. Leduc and her colleagues a t the ENS i n Paris, i s used by the Caltech-MIT group t o o b t a i n a t a r g e t w i t h an e f f e c t i v e thickness o f loq9 n u c l e i / c d and a p o l a r i z a t i o n o f 20-30 %.
The Mainz group employs a mechanical compression o f t h e 3He gas w i t h a Toepler pump, o b t a i n i n g a t a r g e t thickness o f about 5 x 1020 nuclei/cm2 a t a p o l a r i z a t i o n o f over 60 %. Improvements t o t h i s t a r g e t by using a p i s t o n pump i n a second stage o f compression i s expected t o increase t h e d e n s i t y an order o f magnitude w h i l e maintaining the p o l a r i z a t i o n .
Both groups are c u r r e n t l y using the tunable, arc-lamp pumped LNA l a s e r described above t o o p t i c a l l y pump t h e He atoms.
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The new f r o n t i e r i n spin-dependent, h i g h energy c o l l i s i o n s has a l s o stimulated i n t e r e s t i n p o l a r i z e d e l e c t r o n beam sources. A group a t Rice U n i v e r s i t y has demonstrated a novel source which involves t h e removal o f one o f t h e o r i e n t e d electrons from t h e p o l a r i z e d 4He metastable atom by a Penning c o l l i s i o n w i t h an i m p u r i t y species. This chemi-organization process e f f i c i e n t l y removes t h e e l e c t r o n from the helium metastable atoms which are contained i n a f l o w i n g afterglow. The p o l a r i z e d electrons are extracted from t h e afterglow. Typical beam c u r r e n t s are 1 pA a t p o l a r i z a t i o n s o f 80 %.
M o d i f i c a t i o n s t o t h e
Rice source are being c a r r i e d o u t by t h e group a t the IPN-Orsay. The changes they incorporate are an increased f l o w velocity-designed t o increase t h e e x t r a c t e d current, a new l a s e r system using an arc-lamp pumped LNA l a s e r and an improved o p t i c a l pumping scheme -designed t o increase t h e beam p o l a r i z a t i o n t o 90 X o r more. I n a very b r i e f b u t concentrated e f f o r t they now o b t a i n p o l a r i z a t i o n s up t o 78 % and beam c u r r e n t s o f more than 4 pA. Substantial improvements i n t h e near f u t u r e are expected w i t h t h i s c o n f i g u r a t i o n .
-Conclusions
The tunable, Nd-doped l a s e r s summarized i n t a b l e I 1 have been developed i n response t o t h e extraordinary range o f a p p l i c a t i o n s proposed f o r spin-polarized ensembles o f 4He and 3He. As the i n t e r a c t i o n between t h e l a s e r systems and the o p t i c a l pumping process a r e explored f u r t h e r , we have every expectation t h a t new a p p l i c a t i o n s w i l l emerge. I t i s n o t p o s s i b l e t o include every c o n t r i b u t i o n t o t h e work summarized here and every c o n t r i b u t o r , b u t t h e r e i s one constant t h a t must be acknowledged : t h e group a t t h e Laboratoire de Spectroscopie Hertzienne i n P a r i s and e s p e c i a l l y t h e work o f Dr. Michele Leduc.
